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PROCESS FOR THK TKF.TMH^ OP W..STP TFR IAL^USP^^siOKS 

This invention relates generally to a process for 
the treatment of a suspension of a waste material, such 
as by-products of wet-.ineral refining processes and 
5 waste waters from paper mills, which have hitherto been 
found to be difficult to dewater when dispersed in 
aqueous suspension at low solids. Additionally this 
invention relates to the aggregated product of s„ch a 
process which have advantageous properties when used in 
10 paper making and paper coating, or when used as a 
filler or extender for Dainfja r^i^«^- 
and the like. ' compositions 

Many naturally occurring mineral materials are 
subjected to particle size separations in order to 
15 select those particles which have the most desirable 

distribution Of sizes for a particular applicatiL Xn 
many cases the natural mineral material contains a 
Significant proportion of particles which are 

20 which the mineral material is being prepared, and it is 
necessary to remove these excessively fine particles 
When the particle size separation is performed on a 
mineral material in suspension in a liquid, which would 
most commonly be water, and when the undesired fine 
particles have an equivalent spherical diameter of 
about 0.5^ or less, the suspension of the undesired 
fane particles is often recovered in the form of a 
dilute suspension which is extremely difficult to 
dewater by conventional methods, it is generally 
unacceptable, for environmental reasons, to allow such 
dilute suspensions of fine mineral, particles to be 
discharged to rivers or lakes, and, as a result, such 
unwanted suspensions of very fine particles are often 
retained in lagoons, thus occupying large areas of land 
Which could more profitably be used for other purposes 
organic wastes, for example the waste water from a 
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' ^^^'^ ""l in which the suspended ^o, 
consists preao^^u. o. <^:To.i: HZ^^^''' 
assocletion with a smaller of ^ L "^"'"^ ^ 

mineral filler ar-o =i ^organic 

contacting together « =^ Precipitated by 

source o/cC^ o„s L"""""" ' 

" .or «.e«p.e. Jhontord^T^nrS""'" 

Of water or an alkali m»i-=,T presence 

TAPPx Mo^^^ap, 3:^%°:r r " 

— ^^:rL.e... 
" .s espeen:!rs:!tLrrr rr 

to the first hydroxide or «ik 

.jo_^«««...r^^^::^!-^^^^^^ 

proca. he. the advantage that k 

purity Of the caiclu™ Z^ZT^J:; 'T^^ 
process the milk of ii-,« oauct. m the second 

« produ« hy aouhlel^^^^^T" "'^ ^""^^ 
caloiu. carbonate andT^, P«»lpitat. of 

- sodi™ hyd::idr j3:tr3ti:i°:r 

"P-rated fro. the calci™ =ar^"" If th.""^'"^' 
to be eomerdaUy attract i» 
30 co™»rol.a "'7*^-- ^" the third «in 

with a»onl» Chloride to give a ^, "ntact*. 
"lutlcn and L^^"" 
solution 1. then cont!ct«> ^td'" . ""^ 
double deco.^.i«„ Pr«=lp«« , '° ^ 
'= a solution of sodiu. "™ 

"S-A-508«87 descrlb , a process In which an 
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aqueous suspension of fine mineral 'particles Is ^ 
"ith a high ^lecula. weight ca.ho.yl-HLlna ' 
Po ^er to flocculate the particles An excess 'f 
calcium ion is then .dd«3 to precipitat^ !k 
5 salt Of the crhox^l-contalnl^g^Cr^^r^^^^- 
mineral floes th,>. • l^-^Wr in situ on the 

particles L.T ' «>e mineral 

portioies. Gaseous carbon dioxide 1= 

slurry to react with '° t^-e 

I o react with the remaining calcium Ion In th= 

Slurry to precipitate calcium carbonate on Tth^ 
10 polymeric carboxyl calcium salt 

us-A-3152001 describes a process for the 

n^ripirtrfi'" """^ ' - 

the surface of^ " "^^'^ ^en 

15 modified^ :l c:air"' ^^^-^^ ^= 

Silicate is pr^clpl^r T' " """'^ "'""^^ 

■«-s precipitated onto the SiOo-modn-,^^ , . 

carbonate. The resultant filler la f^r^: "™ 
xemforcmg filler for an Wastomer. ' ""^ " * 
US-A-2470577 disclose, a filler , 
^*-*y T^lpititlSg .al^ium-^^^^ " 
simultaneously from a r-r^ calcium .illcate 

siy from a common reaction solution. 
According to a first aspect of the pres^T^ 
invention ther, is provided a process foH^tlno 
aqueous suspension of a oarti™,,.. Seating an 

« Which comprises the st:pT:^":j:r" 

earth metal carbonate il tJ^ T " ""'""^ 

r.-r— — ^5f==.'.-•' 
The particulate waste material pref«:ably 
crises a proportion of a particulate InorcLc 
-atTlal. The particulate inorganic min^i r^h" 
^^t^ is px.f.rably finely divided. Tl^" m 
'5 that It win generally have an average parttll 
diameter smaller than i^. .nd usuaUy 
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or In'aLT'"'''' alternatively 
or xn add.t.on, comprise an organic waste component 
for example waste organic fibres (e c , 
5 fibres) Which typically have a leno^h' 

75mn. "° greater than 

suspension is preferably dilute by 
which we mean that it cont«,«o « ^ 
by weight Of JTl ^°"*ains no more than about 20% 
oy weight of the dry particulate material on « ^ 
^0 weight basis, more preferably less thiriO%\ 

thereof, whe™ i-h^ ^ Jr ess tnan 10% by weight 

Where the waste suspension to be treat^H 
paper mill waste <-ho e.^-. created is a 

likelv to \T ^ concentration thereof is 

-LiKeiy to be considerably less tha^ in* ^ 

the order of i%. ^°*' ^^P^^ of 

5 The present invention is particularly suited ^ 

the aggregation of a particulate material whi^is 
industrial by-product such as a finely divided .I^di^ 
clay mineral such as kann« "^viaed kandite 

mixture of cellulose fltaj^ IT " = 
The l„ve„«on le .leo , 

Phosphate ^ such as a^^tTo: oHTT"'"^"" °^ 

such ore enrichment sll.es Include an ^^c ' 
<«»»Ponent and occasionallv will ^^""f"™'" 
"-Ponent. ^ partL^'^irrarn ^ ""-^^ 

containing not «re than aJt^oThTZ^t^Tr 
product, the present ln»ntlon is peLtltl, ^ 
advantageous because susp«,sion, of tb... ™«w , 
very difficult to de»ater »n "twial, ere 

»n agueous suspension of 



. the aggregated product resulting from the process of 
the present invention is relatively easy to dewater. 

The process of the present invention could also be 
used in the treatment of an organic waste suspension 
5 which is difficult to dewater by other methods and 
which would yield a useful product when co- aggregated 
with a precipitated alkaline earth metal carbonate. 

The particles of the particulate material may have 
on their surface a polymeric material such as a 
10 dispersing agent which was added in a previous 

separation step. This would have the effect of making 
a suspension of the particulate material harder to 
dewater and the present invention, therefore, more 
advantageous . 

15 The alkaline earth metal carbonate is most 

preferably a calcium carbonate. 

In the process of the present invention, the 
alkaline earth metal carbonate precipitate may be 
formed by introducing into the suspension of the 
-20 -part-ieulate-Tiii-nerar a source bf alkaline earth metal 
ions and a source of carbonate ions. This will form 
the desired precipitate of alkaline earth metal 
carbonate in situ which will entrain the particulate 
mineral. The first reagent which is added should 
preferably be uniformly distributed throughout the 
aqueous suspension of the particulate material to avoid 
local concentration gradients. When the first reagent 
is sparingly soluble, as is the case with calcium 
hydroxide, thorough mixing is desirable. It is also 
desirable that the suspension should be agitated while 
the second reagent is added In order to ensure an even 
distribution of the precipitate. 

It Is preferred to add the source of alkaline 
earth metal ions followed by the source of carbonate 
ions; when the alkaline earth metal is calcium, this 
ensures that the scalenohedral form of calcium' 
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carbonate is precipitated, which appears to give the 
best light scattering properties wh n the aggregated 
product is to be used in paper making or paper coating 
The source of alkaline earth metal ions is 
5 conveniently the alkaline earth metal hydroxide (known 
as mxlk of lime when the alkaline earth metal is 
calcium), but it may alternatively be a water-soluble 
alkaline earth metal salt, for example the chloride or 
nitrate. The alkaline earth metal hydroxide may be 
10 added to the aqueous suspension already prepared or 
may alternatively be prepared in situ, for example by 
Slaking an alkaline earth metal oxide (e.g. quicklime 
when an aqueous suspension of calcium hydroxide is 
desired) in the suspension. 
15 The source of carbonate ions is conveniently 

carbon dioxide gas which is introduced into the 
suspension containing the particulate material and the 
source of alkaline earth metal ions. The carbon 
dioxide gas may be substantially pure as supplied in 

such as flue gases. Alternatively, the source of 
carbonate ions may be an alkali metal or ammonium 
carbonate. Sodium carbonate is especially preferred on 
account of its relative cheapness and availability 

25 When the process of the present invention Is used 

for the treatment of a suspension of an organic waste 
for example for the treatment of waste water from a ' ' 
paper mill, m which the suspended solid material 
consists predominantly of celluloslc fibres, the source 

30 of alkaline earth metal ions may be introduced into the 
suspension, either by slaking an alkaline earth metal 
oxide, for example calcium oxide or quicklime, m the 
suspension, or by adding to the suspension a separately 
prepared suspension of an alkaline earth metal 

35 hydroxide. 

Whether the alkaline earth metal oxide is slaked 
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in waste water or in fresh water, the water may be at 
ambient temperature, but is preferably heated to a 
temperature in the range from 40^C to 50^C, and the 
suspension of the alkaline earth metal oxide in the 
5 water is preferably agitated vigorously for a time of 
up to 30 minutes to ensure that the slaking is 
complete. 

The quantity of the source of alkaline earth metal 
ions and the source of carbonate ions used is 
10 preferably such as to precipitate sufficient alkaline 
earth metal carbonate to increase the dry solids 
content of the aqueous suspension to within the range 
from 10% to 20% by weight. The weight ratio of fine 
mineral to alkaline earth metal carbonate (preferably 
15 calcium carbonate) will depend upon the nature of the 
fine mineral. For example bentonite may need at least 
80% by weight of the mixture to be alkaline earth metal 
carbonate, while, in the case of fine kaolinite, only 
about 25% by weight of the mixture may need to be 

"20 -alkaline earth -metal carbonate to give acceptable 

dewatering. 

The suspension containing the precipitate of 
alkaline earth metal carbonate (preferably calcium 
carbonate) and entrained particulate material (e.g. an 
25 industrial by-product) may be added directly in its 

relatively dilute form to a paper making composition to 
provide filler particles for the paper making fibres. 
Alternatively the suspension may be dewatered by any 
. conventional method, for example by pressure filtration 
30 or in a centrifuge. 

If desired^ a reducing bleaching agent may be 
added to the suspension containing the particulate 
material or by-product in order to improve Its 
whiteness. The reducing bleaching agent may be, for 
35 example, a dithionite salt, such as sodium or zinc 
dithionite, or zinc dust and sulphur dioxide. The 
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^ an,ount of the reducing bleaching agent used • 
preferably i„ the range fro. 1.5 to 7 5 a" " 
reducing bleaching agent per wi«! ^ °^ 

particulate material l^Tl. T"" °^ 
^ added after the add-on ""^^^^^^^ - 
^^ore addition of the second L^r^^'^^' 

The suspension of the nT-or.,-«-^ ^ 
"Tth «et.l car^„3te J entail! ' " 

XO than o.,,,^ o trprt?°/'™*" 

vexy .„ch .„re per,«abXe to water ^ 
•5 particulate material by-proa^^, " "^^^ °* 

scUid ^terlal is found tT^^ T"' "~ "^-ed 
scattering properties wHen u'^^ rT^''^"'! 

Pigment/filler comZ^ composite mineral 

-sentiaily^" ^^a^^ed^^ 
carbonate (preferably cal^u^T '"^^l 
particulate .aterlal ^ -^artK^ate) and a 

entrained in t,^ alLi "^"^ " "re 
* ^ne alkaline earth car-hr.*x^^ 

suoh aggregates can be used iTt^ P«"Pitate. 
Paper-^n, composition ^r a pa^ """""^O" ot . 
"^ition. A paper JJL P»Par-coatin, 

- a^eou, .u.p.:.ron.td"rn::r::::^t" 

aggregated filler of *ho • *^ 

«uer ^i:^, zt:tjztt'' 

conventional additives ^ Z ^ " 

paper maldng co.^itlo„ ^ J"- * "Wical 
by weight Of dry filler «te«al L ^ ^ 
waigbt Of the paper n^ t^^ °" ""^ ^ 

a cationic or an anionic ^etent^ Z 

in an amoiint in 
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the range from 0.1 to 2» by weioht 'k=, ^ 
-eight Of the filler «ateJal it\a ' °" 
Sl..ng agent „Moh „a. he. ft \ iT^r" ^ 

alkyltetene ai.er. a „ax emulsion o^ a ' 
S - composition „a. .^00^^;:"^ 

addition to the .ZlH"' in 

rne aggregated pigment of the in«^«*.- 
(and optionally other fin<». * ta>e invention 

10 The formula of the n -"^^^-ials), an adhesive. 

/ ^^^^"^ coating composition will 

depend upon the purpose for which the coatid paoer ' 
to be used, i.e. either for offset or arlT " 
Generally speakino tho gravure printing. 

y speaKing, the amount of adhesive will h« • 
the range from 3 to 35% by weioht «f • " 

IS based on the dry weight of Z^^lllr^T^^^ 

Will also be present from 0 01 to 0 5! T^""'* "'""^ 

added to raise the n» ! " a«n.raUy b. 

resm or L^ ZTZ' "'^^--a"!. synthetic 

^^^^.nyi ai::h:rt"o;ir;^r:::^^^^^^ ^ 

acetate, a hutadlene-acrylonitrile copolyllr , 

proteinaceous material such as caL« ^ 
vegetable protein. . ^"^"^^ °^ a 

The invention will now be illustrated k 
to the following Examples by reference . 

30 

EXaMPLE 1 

Quicklime (252g) was added to 4 500n™3 , 
a^eous suspension at a temperature ;f 50^C 1 " 
7.5* by weight of kaolin clav nar^ T ^^^^^^ning 
particle size 0 22u» 1 ^^^^^^^^^ average 
Size U.22J11B. The suspension was stir-r-^^ 
35 vigorously for 25 minutes to J« stirred 

the quicklime. The pH of 1 """"" ^'^'"^ °^ 

Tfte PH of the suspension was then found 
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to be 12.5. 



W>ere was then Introduced into tho 
cxay particles and caici™ hydro"deTo'"''""°" °' 
containing 25» >,y volu« of ^n^, ""^ 
= c.3.^„-l, ^lc«Ide at a rate c: 

jr iwxiae. The gas mixture wa*! ^ 

suspension as a fm. introduced into the 

stirring ..T^^^l^lZ " '"'''"^ 

-nitored and the intrLction of the 
continued until the pH of i-h "^^"^^^ 
below 8.0. ^''^ suspension had faller» to 

The particulate component ^-k 

" -p-ion wHic o^tainL 5« "Tr 

carbonate was examined by ^ ot ,Tl^ "™ 
-loroscope and was fo»d to Z^^i ' 

EXftMPLE 2 
The eaiperifflent described o 
several ti^s there JZ^IT,^'" ' ™" 
suspension of )c«,li„ ^ oase to the 

« «>e ^iciir^tr::':'" ' 

mineral produced varied i^^ exposition of the 

-.ht Of caiciu. carj:,"'j7:j""^^« *° 

suepeneion was prepared by slaWn! ^ ' ' 
4.500c»3 cf water which was^ L 1 V' '^'"^ ^ 
» in each ease there «u ! P«tlel«. 
0.013 ^le. Of cJbTd^^^r"' ^ 
celdun hydro^ae. """"^ P« "cle of 

The suspension of the iu>.4 
each case was filtered ^ Z j^T 'T'^ 
was remixed with water to f ^ ""^ 
30* by weight of dry ^ Z:^'^^^^''''^ 

wnich suspension 



-11- 



30 



. was used to measure the Kubelka-Munk scattering 
coefficient, s, by the following method: 

A Sheet Of synthetic plastics paper material sold 
by Arjo Wiggins Appleton pic under the Registered Tral 
5 Mar.^sVNTE.PH.., „as cut into a numher of piel eaT 
Of s..e xocm . 5cm, and each piece was weighed and 
tested for percentage reflectance to light of 
wavelength 457nm when placed over k , 

means of an "elrepho" spectLZt . ^^''^^^'^^""^ 

^ ^r-nyj Spectrophotometer to oiv© ^hc, 

Plastic pap„ wer, aL^e^LHH, 
th. suspension of „i„er,I to give coat „2Zs 

xn the range fro« S to 20g.™-2. , J^^""*- 

allowed to dry m the ,1, and the area of dx^ "rtino 

ZT" °' "'""^^ stanaardlen: 

Placing a circular teniplate over the coating and 

the periphery of the template. Each piece of niaetL 

, rrutrr:! " - ^eweioi'\'r°^ 

» fro-^-aillerence in weight and the di„ensi™s « th. 
coated area, the coat weight x in kg.„-2 „as 
calculated. 

to llahf ^ ">«. then tested for reflectance 

to light Of wavelength 457nB when the piece of ol,.! 
paper was placed (a, on a black ^ro^Z, ^^^^ 
h, on a Pile Of uncoated piece, of L plalt^ ^ 

alone (r). ^ uncoated pieces 

From these measurements the reflectance R of i-h« 
coating alone was calculated from the fo^ulaff 

and the transmission T tHc, 

- , c ®^ the coatang from the 

formula:- 
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Fron, these two quantities it is possible to 
calculate a theoretical value for ..s r^fl^l^ n 
Of a coatang layer of infinite thickness of t^ 
n.aterial fron. the formula:- ^""^ 

n.2 . .T/"^^^-"-^ scattering coefficient S In 
» .kg now be calculated fro. the formula:- 



where 



and 



The scattering coefficient S was Dioti-«H 
the coat weiaht x , Plotted against 

weignt X and the value of s -tn w 
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EXAMPLE 3 

The experin>ent described in Example 1 was repeated 
except that there was added to the suspension of Lxln 

dithionite as a reducing bleaching agent. The 
orSrtr^""""* °' suspension on completion 

80 C. nie resultant dry cake was pulverised and the 

respectively, were measured by means of an "blre^: 
spectrophotometer. 

«tM!^r "'^'•^ ""at «, sodium 

The rMults Obtained are set forth in Table 2 
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% reflectance to light of 




wavelength 




457nm 


570nm 


with sodium 
dithionate 


89.9 


94.6 


without sodium 
1 dithionate 


88.8 


94.2 
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EXAMPLE 4 

^ The experiment described in Example 1 was repeated 
several ti„es there being added in each case to tto 
suspension of teolin clay particles a different amount 
Of th.^ickli.e such that the composition cf the mix*, 
produced varied in the range from 0.5* to 99 S 
weight of calcium carbonate, in each case there 
xnt^uced into th. suspension 0.013 moles of carbon 

A smell sa.pl* of the «,spen»ion of th. mixed 
mneral produced in each case „.. pour*, into . Buchner 

PapMT, the Side arm of the filtrate flask being 
•wmected to the laboratory vacuum source. The 

tte filtrate flasK, and at intervals the volume of 
mtr»te collected «>d the time which had elapsed since 
2 «•« Of filtration were recorded. The sguare of 

volume collected was plotted graphically against 
the elapsed time. e«, e curve was obtained whlL had a 
large central straight line portion. The slope of thTs 
straight line portion was recorded in e«* caH 

Of fJT r'"""^" '^^^ Of the 'volume 

«E filtrate collected and the elapsed time Is glven^ 
the Carmen-Kozeny equation:- 
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0^ = 2.A'.P.E^. (y - 1) 
2" 5. V. 52. (1 - e2) .d2 

where : 

Q is the volume of filtrate collected; 

T is the elapsed filtration time; 

A is the area of the filter medium; 

5 P is the differential pressure across the filter 

medium; 

E is the fraction of voidage in the filter cake; 
V is the viscosity of the suspending medium; 
S is the specific surface area of the particulate 
10 phase; and 

d is the specific gravity of the particulate 
phase. 

The slope q2/t of the straight line portion of the 
graph plotted for each suspension gave a measure of the 
15 filtration rate in each case and, since A, p, v, s and 
d can be assumed to be constant under the conditions of 

tAe .exp.eriment^«tandardl«ed-"fiiwat-iw^^ 

found to be given by: 

T 

where : 



J? = 

20 where: 

is the weight fraction of water in the cake; 
is the weight fraction of solids in the cake; 
Wg is the weight fraction of water in the 
suspension; and 

25 S3 is the weight fraction of solids in the 

suspension. 
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Suspensions were also prepared by mi:cing with 
4,500cn, of the suspension of fine kaolin clay 
particles different quantities of precipitated calcium 
carbonate which had been prepared separately f.o. the 
kaolin clay suspension by carbonating milk of lime 
The filtration rate for each mixed suspension and the 
percentage by weight of dry material in the cake were 
measured as described above. 

The results obtained are set forth in Table 3 
below: 



Table 3 




30 



„.i«.rr '^'^ " ^'^^ percentage by 

weight of precipitated calcium carbonate in the 

mixture, a higher filtration rate Is obtained If the 

calcium carbonate Is precipitated In the presence of 

the fine kaolin than if it is precipitated separately 

and then added to the suspension of fine kaolin. 

EXAMPLE 5 

Different quantities of quicklime were added to 
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4,500cm3 portions of an aqueous suspension at a 
temperature of 50°C containing 7.5% by weight of 
Wyoming sodium bentonite particles of average particle 
size smaller than O.lMm. In each case the suspension 
was stirred vigorously for 25 minutes to ensure 
adequate slaking of the quicklime. 

There was then introduced into each suspension of 
bentonite particles and calcium hydroxide a gas mixture 
containing 25% by volume of carbon dioxide at a rate of 
0.013 moles of carbon dioxide per minute per mole of 
calcium hydroxide. The gas mixture was introduced into 
-the suspension as a fine stream of bubbles and vigorous 
stirring was maintained throughout the introduction. 
The pH of the suspension was continuously monitored and 
the introduction of the gas mixture was continued until 
the pH of the suspension had fallen to below 8.0 

The filtration rate, F, and the percentage by 
weight of water retained in the filter cake were 
measured for each suspension as_described _in Example 4. 
-2e--"al»ve: The results obtained are set forth in Table 4 
below: - 

Table 4 
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% by wt, of 
precipitated calcium 
carbonate in mixture 


Filtration rate 
(F) 


* by wt. 
solids 


80 


0.070 


43.7 


95 


1.510 


41.5 


99 


2.140 


44.0 


100 


7.880 1 


35.4 



These results show that, when the amount of 
calcium carbonate precipitated in the suspension is 
about 90% or more of the total weight of dry bentonite 
and calcium carbonate, the suspension can be dewatered 
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by filtration at a very advantageous rate, but even 
when the proportion of calcium carbonate in the mixture 
as 80% by weight, the rate of filtration would be 
acceptable in a commercial process. 
5 EXAMPLE 6 

11.25g of quicklime was added to 1000ml of an 
aqueous suspension contaixiing 180g of a kaolin clay 
having a particle size distribution such that 80% by 
weight consisted of particles having an equivalent 
10 spherical diameter smaller than Zpm. The solids 
content of the kaolin clay suspension before the 
addition of the quicklime was 16.2% by weight. The 
suspension was maintained at a temperature of SO^C and 
vigorously stirred for 25 minutes to ensure adequate 
15 slaking of the quicklime. 

A gas mixture comprising 25% by volume of carbon 
dioxide was then introduced into the suspension as a 
fine stream of bubbles at a rate of 0.13 moles of 
carbon dioxide per minute per mole of calcium 

.J[SrdTOjyj_e..__The.Jtonqper^^ 

maintained at 45^0 and the gas mixture was introduced 
with continuous agitation of the suspension until the 
pH of the suspension had fallen to below 8.0. 

• The experiment described above was repeated three 
more times except that ll.25g of quicklime was added to 
1000ml of an aqueous suspension containing 
respectively, 60g, 20g and 6.7g of the kaolin clay. 
The solids content of the suspension of kaolin clay in 
each case before the addition of the quicklime was 
respectively, 16.2%, 5.8%, 2.0% and 0.7% by weight.' 

A suspension was also prepared containing 180g of 
the kaolin clay alone in 1000ml of the suspension A 
further suspension was prepared by adding quicklime to 
1000ml of water and carbonating the calcium hydroxide 
thus formed under the conditions described above. 
The filtration rate, F, and the percentage by 
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weight of water retained in the filter cake were 
measured for each suspension as described in Example 4 
above. The results obtained are set forth in Table 5 
below : - 

Table 5 





"6 W C • OI 

precipitated 
calcium 


% by wt. of 
solids in 
kaolin 


Filtration 
rate (F) 


* by wt. of 
soxias in 1 
cake 1 




carbonate in 


sus Dens ion 




10 


mixture 










0 


16.2 


0.06 


66.9 




10 


16.2 


0.21 


58.1 1 




25 


5.8 


0.61 


50.1 1 




50 


2.0 


0.93 


49.4 1 


15 


75 


0.7 


1.38 


44.7 1 




100 


0 


2.54 


40.1 1 
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EXAMPLE 7 

A sample of waste water from a paper mill was 
found to contain 0.27% by weight of suspended solids 
which were predominantly cellulosic fibres, but also 
contained a smaller proportion of inorganic filler 
particles. There were added to three portions of this 
waste water, each of 1 litre, 14g, 28g and 56g 
25 respectively of quicklime. The mixtures of waste water 
and quicklime were stirred vigorously at a temperature 
of 45 'C to complete the slaking of the quicklime. 

A gas containing 25% by volume of carbon dioxide 
the remainder being air, was admitted into each of the 
portions of suspension at a rate which was calculated 
to complete the conversion of all the calcium hydroxide 
present into calcium carbonate in a time of 75 minutes 
in each case the temperature of the suspension during * 
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used in the paper making process employed by the mill 
from which the waste water was recovered consisted 
predominantly of calcium carbonate, and it was 
therefore assumed that the ignited residue, which 
5 accounted for 11% of the weight of the dry residue, was 
calcium oxide. This corresponded to 19.6% by weight of 
calcium carbonate, and it was therefore estimated that 
the approximate composition of the solids component of 
the waste water was 80% by weight of cellulosic fibres 
10 and 20% by weight of calcium carbonate. 

A suspension of calcium hydroxide was prepared by 
slaking H2g of quicklime in 1 litre of water at 50 "C 
with vigorous agitation for 25 minutes. Assuming that 
the quicklime is completely slaked, each litre of 
suspension prepared in this way will contain 148g of 
calcium hydroxide. 

There were added to three separate 1 litre 
portions of the waste water, quantities of the calcium 
hydroxide suspension which were calculated to give, 

after Cdibonation with carbon dioxiae-^ontiinTng'iasT 

precipitates which contained, respectively, 60%, 80% 
and 90% by weight of precipitated calcium carbonate. 
The gas contained 25% by volume of carbon dioxide, the 
remainder being air, and the gas was introduced into 
25 the mixture of calcium hydroxide suspension and waste 
water at a rate such as to complete the precipitation 
in 5 minutes. 

Each of the three portions of treated waste water 
was filtered and the filtration rate was determined by 
30 the method described in Example 4. As a comparison, 

the filtration rate was also determined for a sample of 
untreated waste water. The results are set forth in 
Table 7 below: 
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Table 7 



10 



Volume of Ca(0H)2 added (ml) 


nil 


oi -1 


59.8 


134.0 


Wt. of Ca(OH), added (g/1) 


nil 


33 


8.9 


19.8 


Wt. calcium carbonate (g/1) 


nil 


43 


12.0 


26.8 


Waste water solids (g/1) 


3.0 


3.0 


3.0 


3.0 


% by wt. pptd.CaC03 product 


nil 




oU 


90 


COo-containing gas rate (ml/m) 




806 


2150 


4836 


CO} rate (ml/n) 




202 


538 


1209 


Filtration rate 


0.0048 


0.133 


0.98 


2.43 
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It can be seen that the filtration rate of the 
waste water is greatly increased when calcium carbonate 
is precipitated in the waste water in accordance with 
the invention. 

TliB filter eake-imrcITlTas -6btaTnVd"by^^f^^^^ 

the waste water in which 90% by weight of the solid 
component consisted of precipitated calcium carbonate 
was dried and pulverised and the resultant pulverised 
material used as a filler in a paper making 
composition. 

Hand sheets of paper filled with the composite 
material prepared as described above were prepared in 
the following way. 400g of bleached sulphite spruce 
pulp were soaked in 10 litres of filtered water for 4 
25 hours and the mixture was then disintegrated for lo 
minutes in a turbine mixer, the impeller rotating at a 
speed of ISOOrpm. The contents of the mixer were 
washed out with a further 10 litres of water and 
transferred to a laboratory beater where a further 2 
litres of water was added and the mixture beaten for 
16% minutes. At this stage the stock contained 
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approximately 1.8% by weight of dry pulp. The beating 
time was chosen to give the optimum compromise between 
brightness and strength properties of the stock which 
corresponds to a Canadian Standard Freeness of 300. 
800ml of the stock was then made up to 2 litres with 
water and disintegrated in a laboratory disintegrator 
which was operated for 15,000 revolutions of the 
impeller. The volume of stock was made up to 4 litres 
with filtered water and the • consistency was checked by 
forming a paper sheet from a small sample by draining 
on a suitable wire screen and drying and weighing the 
sheet thus formed. Water was added if necessary to 
reduce the consistency to 0.3% by weight of dry pulp. 
The paper making stock thus formed was divided 
15 into three portions and a different amount of the 

pulverised composite filler was added to each portion 
and stirred in by hand. 

Hand sheets were prepared from each of the three 
portions of filler-containing paper making stock 
--^--Trocord±ng-TO-eKS~pfoce3l^ 

NO. T205 om-88, "Forming handsheets for physical tests 
of pulp". For each hand sheet 400ml of the stock was 
poured into the sheet forming machine and surplus water 
was removed. 

25 The ash, or inorganic material, content of the 

paper formed from each of the three portions of stock 
was determined by incinerating a sample of paper formed 
from the stock according to the procedure laid down in 
TAPPI standard No. T413 om-85. 

30 The brightness, or percentage reflectance to 

violet light of the paper formed from each of the three 
portions of stock was measured by means of a DATACOLOR 
2000 brightness meter fitted with a No. 8 filter (457nm 
wavelength). 

35 The opacity of each sample of paper was measured 

by means of the DATACOLOR 2000 brightness meter fitted 
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With a NO. 10 filter (a green filter embracing a broaa 
spectra of wavelengths). A „aasur«.ent of the ' 
percentage of the incident light reflected „aa 
with a stack Of ten sheets of paper over the blade 
ca«ty ten sheets .ere then replaced 1th 

th. sxngl. Sheet fro» the top of the stack over Z 
black cavity and a further measurement of the 
P«c«,tage reflectance was made (R). The percentaoe 
opacity was calculated from the formula: 

Percentage opacity = 100. R/R 
The procedure was performed a total of teTtimes with 

The Kubelka-Munk scattering coefficient, s, for 
each sample of paper was determined by the proc^du™ 
aescrxbed in E«mple 2 except that, in each caT 
s»ples Of the paper produced in the manner desc;ibed 
^o^^subetituted for the Pieces Of coated 

to there. The meaaurements were made using the 
.A»^U>R 2000 brightness meter fitted with' a^o. a 
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The hand sheets from each batch were also tested 
for bursting strength by the test prescribed i„^^ 
Standard No. T403 cm- 85. The bursting str«^ T 
defined as the hydrostatic pressure in kilo^^ 
re,u.red to prcduc. rupture of the material whenihe 
^s^ is increase, at a controlled constant «te 
throu^ a rubber diaphragm to a circular area of tL 
paper 30.5mm 1„ diameter. The are, of the mat^iaT 
under test is initially flat and held rigidly aTtL 
Circumference but 1. fre. to bulge during th^ 
samples of each sheet were .1,0 weigh*, Ly, t^^gKt 
Of the dry sample being used to deterBinH;. * 
per unit ax^a Of the paper in gram, per eguare «^ 
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The burst strengths were divided by the weight per unit 
area of the paper to give a burst ratio. 

As a comparison, the experiment described above 
was repeated, but using as the filler in the paper 
5 making composition a proprietary precipitated calcium 
carbonate product produced by John & E. Sturge Limited 
under the trade name "CALOPAKE F". The particle size 
distribution of this material was such that the weight 
median particle diameter was 3 -0pm. The amounts of 
10 this proprietary filler used in each of the three 

portions of paper making stock were intended to be, as 
nearly as possible, the same as the amounts of the 
composite filler used in the three portions of stock in 
the experiment described above. 
15 As a further comparison, hand sheets were prepared 

from paper making stock which contained no filler and 
subjected to the same tests as are described above. 
The results are set forth in Table 8 below. 

Table 8 





Ash 


Reflectance 


Opacity 


Scattering 


Burst 


1 Filler 




(%) 


(%) 


Coefficient S 


index 










(cmV) 




None 


0.7 


82.2 


102 


288 


2.43 


CALOPAKE F 


6.2 


86.4 


82.0 


545 


1.52 




11.2 


87.8 


85.7 


696 


1.04 




17.2 


89.2 


883 


866. 


0.60 


Composite 


6.6 


83.1 


84.3 


537 


..5 


filler material 


12.0 


84.1 


89.8 


750 


0.95 




16.2 


84.8 


92.6 


917 


0.60 
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CLAIMS; 

1. A process for treating an aqueous suspension 
of a particulate waste material, which comprises the 
step of precipitating an alkaline earth metal carbonate 
in the said aqueous suspension of the particulate 
material whereby the said particulate material present 
at the start of the process becomes entrained in the 
alkaline earth metal carbonate precipitate. 

2. A process according to claim 1, wherein the 
particulate waste material comprises a proportion of a 
particulate inorganic material. 

3. A process according to claim 2, wherein the 
particulate inorganic material has an average particle 
diameter smaller than about 1pm. 

15 4. A process according to claim 3, wherein the 

particulate inorganic material has an average particle 
diameter smaller than about 0.5>im. 

5. A process according to any one of claims 1 to 
4, wherein the particulate waste material comprises an 

"26 — organic waste component. — 

6. A process according to claim 5, wherein the 
organic waste component comprises waste organic fibres 
having a length no greater than 75pm. 

7. A process according to any preceding claim, 
25 wherein the aqueous suspension contains no more than 

about 20% by weight of the dry particulate material on 
a dry weight basis, preferably less than 10% by weight 
of the dry particulate material on a dry weight basis. 

8. A process according to any preceding claim, 
wherein the particulate material is an industrial by- 
product selected from the group consisting of: a finely 
divided kandite clay mineral such as kaolin, a smectite 
clay such as bentonite, montmorillonite, saponite, 
hectorlte or beidelllte, paper mill effluent and the 

35 slimes produced as a by-product of the beneficiation of 
phosphate rock such as apatite or of the extraction of 
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diamonds from clay materials of the kimberlite type 
9. A process according to any preceding claim 

Itotte"^ """'^^ "^"^ - ^ — 

5 10. A process according to any preceding claim 

whexem the alKallne earth .etal carbonate precipita;e 
xs formed by introducing into the suspension of the 
particulate mineral a source of alkaline earth metal 
ions and a source of carbonate ions. 
10 11. A process according to claim 10, wherein the 

source of alkaline earth metal ions is chosen from the 
alkaline earth metal hydroxide and water-soluble 
alkaline earth metal salts. 



12. 



A process according to claim lo or li 

- - ' 



15 Wherein the source of carbonate ions is carbon ;io.ide 
gas or an alkali metal or ammonium carbonate. 

13. A process according to claim 10, ii or 12 
wherein the quantity of the source of alkaline eart^ 
metal Ions and the source of carbonate ions used is 

carbonate to increase the dry solids content of th^ 
aqueous suspension to within the range from io% to 20% 
by weight. 

14. A composite mineral plgment/fllier comprising 
aggregates consisting essentially of precipitated 
alkaline earth metal carbonate and a particulate 
material, the particles of which are entrained In the 
alkaline earth carbonate precipitate. 

15. A paper making composition comprising m 
aqueous suspension, an aggregated filler as clawed m 
claam 14 or as prepared In any one of claims 1 to 13 
and celluloslc fibres. 



25 
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16. 
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A paper coating composition comprising, m 
aqueous suspension, an aggregated pigment as claimed m 
claxm 14 or as prepared In any one of claims 1 to 13 
and an adhesive. 
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17. A process for treating an aqueous suspension 
of a particulate waste material, substantially as 
hereinbefore described, with reference to the 
accompanying examples. 
5 18. A composite mineral pigment/filler, 

substantially as hereinbefore described, with reference 
to the accompanying examples. 

19. A paper making composition comprising, 
substantially as hereinbefore described, with reference 

10 to the accompanying examples. 

20. A paper coating composition comprising, 
substantially as hereinbefore described, with reference 
to the accompanying examples. 
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